Abstract. Life history theory predicts a decrease in survival with increased reproductive effort of individuals. This relationship, however, is highly variable among and within species. I studied the nesting success and survival of adult female Emperor Geese during 1982-1986 and found no direct evidence that differential reproductive effort as measured by the number of eggs laid or hatching success had a significant negative effect on survival to the next breeding season. Incubated clutch size, hatched clutch size, number of parasitic eggs, nest initiation date, hatch date, and mass at hatch were not related to subsequent survival. Of the factors I examined, only an attempt to nest the previous season was related to survival of a female. I suggest that the higher probability of survival among non-nesting adult female Emperor Geese was primarily related to hunting pressure on the nesting area between spring and fall migration. The probability of survival was increased for females with larger clutches, suggesting a positive relationship between brood size and survival.
NESTS
Between 1982-1986, I determined clutch sizes, nesting success (nests in which one or more eggs hatched), and hatching success (proportion of eggs that hatched) of 93 marked Emperor Geese. Techniques of nest searching were similar to those used by Raveling (1978) and Ely and Raveling (1984) . For some nests I determined nest initiation dates by direct observations of birds building nests and laying eggs. For nests found before incubation began, I determined nest initiation dates by backdating from the date the nest was found using an egg-laying rate of 1.2 eggs/day. For nests found after incubation began, I determined nest initiation dates by backdating from hatch dates using the same egg-laying rate and a 24-day incubation period (Eisenhauer 1976, Krechmar and Kondratiev 1982) . Conspecific nest parasitism occurs in Emperor Geese (Eisenhauer and Kirkpatrick 1977, Petersen, in press). Clutch size incubated included all eggs incubated in the nest, and clutch size laid included all but obvious parasitic eggs. Parasitic eggs included (1) all eggs added to a nest after incubation began, (2) eggs laid outside a nest and then found in the nest, (3) eggs with viable embryos that were not completely developed after most eggs hatched and the brood had abandoned the nest, and (4) eggs laid by one marked female in a nest that were subsequently incubated by another female (e.g., Yom-Tov 1980, MacWhirter 1989). Evidence of hatching included pipped and hatching eggs, goslings in the nest, and egg shells with an intact inner membrane that was separated from the shell.
MARKED GEESE
I marked nesting female geese on the study area with individually coded yellow neck collars and standard U.S. Fish and Wildlife Service (USFWS) leg bands. Geese were trapped on their nests at hatch (68 birds) or within 14 days of hatch (22 birds) with modified Weller (Weller 1957 ) traps (85 birds) or by hand (3, plus 2 with a dip net). An additional three adult females that nested on the study area were marked when captured when flightless during banding drives. Captured females were weighed to the nearest 50 gm. Arrival dates of marked females during subsequent springs were determined from daily observations from blinds.
STATISTICAL ANALYSIS
I controlled for annual variation in arrival, clutch initiation, or hatch dates by expressing dates relative to the first day of that event for that year. The individuals in this study are believed to have been a random sample of successfully nesting females because I attempted to collar every female on the study area that hatched eggs. Females with eggs that hatched during inclement weather were not captured, but I assume hatch date was independent of daily weather conditions. Survival times were assumed to be independent for each female. Geese frequently remain in family groups until the following spring, and survival of each adult female of each family is assumed to be independent of the fate of all other families or pairs. The influence of neck collars on survival of Emperor Geese is unknown but assumed to be minimal. No marked Emperor Geese were seen by other field investigators outside (but within 10 km of) the study area, although emigration could not be ruled out. I assumed collar loss was minimal because no banded females without collars were recaptured at hatch or as flightless adults in brood drives in subsequent years. Factors other than whether the goose nested that influence survival from the time of marking to subsequent nesting seasons were assumed to be similar for birds collared in each year.
I assumed that the probability of a bird returning to the breeding area (given that the bird was alive) and the detection probability did not differ between birds that did and did not nest the previous year. I also assumed that all geese alive were seen. Resighting rates during the study were 100% in two of four seasons (25 for an annual resighting rate of 95%). One individual was not seen for two years and three individuals were not seen one year before they returned to the study area. Resighting probabilities, as estimated using Jolly-Seber models, were different among years (x2 = 7.85, df = 1, P = 0.01); however, differences could not be attributed to a single year and probably reflect the few number of birds not seen during years they were known to be alive. The probability of a bird being resighted the first year after banding was not different from subsequent years (x2 = 0.32, df = 1, P = 0.57). The annual resighting probability during the study was 0.89 f 0.05 (0.79-0.98).
RESULTS

ANNUAL SURVIVAL
Annual survival of adult female Emperor Geese with nesting experience was low and averaged 58.7% (range 43.9-67.5%) ( Table 1 ). The annual survival estimate derived using Jolly-Seber models was also low (58.6%, range 49.8-67.5%). The two estimates (mean of all years; 58.7 ? 6.3% and Jolly-Seber model; 58.6 -t 4.5%) are similar. The cumulative survival of adult females over the five-year study period was only 11.3 f 0.03% (Table 1) . Differences among years were not evident because similar proportions of marked individuals returned each year (x2 = 5.34, df = 3, P = 0.15).
COMPARISON OF NESTING AND NON-NESTING FEMALES
The proportion of adult female Emperor Geese that survived to the following summer was significantly higher among geese that did not nest (50.0%, n = 18) than among geese that nested (Fig.  1) . In addition, surviving females and females that did not survive did not differ significantly in timing of nest initiation (Kolmogorov-Smirnov test Z = 0.48, P = 0.49) or hatch (Kolmogorov-Smimov test Z = 0.84, P = 0.24) the previous summer; arrival dates the previous spring also appeared to be similar for the two groups, although sample sizes were too small for meaningful statistical comparison (Fig. 2) .
With clutch size and culmen as covariates, weights of adult females at hatch did not differ significantly between females that survived and females that did not survive to the following summer (ANCOVA F2,49 = 0.02, P = 0.90).
DISCUSSION ANNUAL SURVIVAL
Annual survival estimates of adult female Emperor Geese (44-69%) were lower than adult survival rates for the similarly sized Snow Goose and Barnacle Goose (87-91% [Owen 19821 ). I assumed that annual survival was equivalent to annual return rates, thus the lower survival for Emperor Geese could have been an artifact of unrecorded emigration of non-resightings of birds that were still alive and marked. However, analysis ofthe data using Jolly-Seber models that take into account resighting rates suggests survival rates were low and equivalent to annual survival as estimated from annual return rates. The probability of a goose being alive and being seen in a given summer was high. Marked geese that nested in areas immediately adjacent to the study area were rare, and all marked geese were found within 500 m of the study area. Because adult female geese that have nested in an area have a strong tendency to return to that area in subsequent years (Cooke et al. 1975 , Lessells 1985 
SURVIVAL OF NESTING FEMALES
None of the results of this study supported the idea that the energy costs associated with reproductive effort adversely affected the probability of survival of adult female Emperor Geese. In contrast, nesting geese that survived laid larger clutches than geese that did not survive, and the probability of survival was independent of arrival date, nest initiation date, hatching date, and weight of the female at hatch. Females that laid more eggs may have been in significantly better physical condition, of generally higher quality, or with better mates and thus more likely to survive than females that laid smaller clutches (i.e., quality ofthe female; Coulson 1966, Smith 1981 , Loman 1982 (Lessells 1986 ). However, increased reproductive effort had no apparent negative effect on survival of adult female Emperor Geese. Emperor Geese that survived had laid larger clutches than geese that did not survive, and survival was independent of arrival date, nest initiation date, hatching date, or weight of the female at hatch. This is consistent with a study on Barnacle Geese which suggested that pairs that raised families through the following winter did not decrease their survival to the next fall (Black and Owen 1989b ).
